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EXECUTIVE SUMMARY 

In the spring of 1994, the Chignik Regional Aquaculture Association commissioned the Alaska 
Department of Fish and Game (ADF&G) to conduct studies of juvenile sockeye salmon and stock 
separation techniques in the Chignik Lakes system. The specific study objectives were: 

1. To estimate the total number, timing and growth characteristics of outmigrating sockeye 
srnolt by age class. 

2. To archive the smolt scales for later scale pattern analysis use in determining stock 
composition of the 1994 outmigration from future adult returns. 

3. To estimate sockeye fry abundance and condition in each lake. 
4. To determine the utility of the parasite Philomena oncorhynchi as a tool in assigning 

returning sockeye adults to their respective stock (lake) of origin. 

A total of 60,595 sockeye smolt were captured in two rotary-screw traps operated on the Chignik 
River from 5 May through 1 July. Overall trap efficiency was 0.48%, and the total sockeye 
smolt outmigration estimate was 12.75 million fish. Peak in outmigration occurred during 17 - 
30 May. Age- 1 and age-2 smolt comprised 6 1 % and 39% of the total outmigration, respectively. 
Based on the estimated number of outmigrating smolt, the total 1997 adult return forecast is 2.1 
million fish (95% confidence interval 1.7 to 2.5 million fish). By system, the Black Lake 
forecast is 1.3 million fish, and the Chignik Lake forecast is 0.8 million fish. 

Townet surveys were conducted in Black and Chignik Lakes on September 22 and 23, 
respectively. Catches indicated a pronounced decrease in juvenile sockeye abundance from 1992 
and 1993 surveys, especially for Black Lake. The decline may have been caused by a die-off 
of Black Lake sockeye juveniles associated with an intense algal bloom on the lake reported to 
the ADF&G in mid-August prior to the surveys (David Owens, ADF&G, personal 
communication). Differences in sampling techniques in 1994 may also have influenced catch 
numbers. 

The parasite Philomena oncorhynchi was present in 97% (range 96-100) of both Black Lake and 
Chignik Lake stocks, and therefore not useful for stock separation. 



INTRODUCTION 

Forecasts of salmon returns are an important aspect of Alaska's commercial salmon fishing 
industry. The accuracy of forecasts is crucial to fish processors for estimating fish prices, 
personnel and equipment needs, and to commercial fisherman for timing capital investments. 
Forecast methods in the Chignik River watershed (Figure l), the primary producer of sockeye 
salmon Oncorhyncus nerka in the Chignik Management Area, are currently based on parent year 
escapement and historical age class relationships for Black Lake, and on average return per 
spawner for Chignlk Lake. From 1984- 1993, accuracy of forecasts has been quite variable. The 
absolute average percent difference between the forecast and actual run for both lakes combined 
is 1796, with a range of from 78% underforecast to 27% overforecast of the actual run (Probasco 
et al. 1983, 1984, 1985, 1986; Quimby and Owen 1994). 

The primary limiting factor in sockeye production is the yearly variability in rearing conditions 
of the freshwater nursery areas of the Chignik Lakes, particularly Black Lake (Narver 1966; 
Ruggerone et al. 1992). Although variation in annual escapement levels is lower in Black and 
Chignik Lakes than in seven other Alaska systems (Wood R., Ugashik, Egegik, Red R., Kasilof, 
Kenai, and Coghill), return per spawner (WS) variation among these same systems is greatest in 
Black Lake, whereas that of Chignik Lake is about average (Ruggerone et al. 1992). Black Lake 
R/S is uncorrelated with three nearby lakes (Chignik, Becharof, and Ugashik); consequently, R/S 
is not explained by variation in varying regional weather patterns (Ruggerone et al. 1992). 
Mortaility during the egg stage is not likely the cause of extreme variation in R/S, since the 
Black Lake watershed has spawning tributaries with low gradients, good to excellent spawning 
gravel, and no major problem with spawning ground scouring (Ruggerone et al. 1992; Dahlberg 
in Ruggerone et al. 1992). 

Interaction between sockeye juveniles in Black and Chignik Lakes is likely a major source of the 
R/S variability in Black Lake. Studies of the lacustrine life of Black Lake juveniles indicate that 
a portion of yearlings rear in Black Lake, while others emigrate to Chignik Lake (Roos 1959, 
~ u ~ ~ e r o n d  et al. 1993, Ruggerone 1994, Narver 1966). Narver (1966) attributed such 
emigrations to density-dependent factors that served as a population-regulation mechanism in 
Black Lake; however, when Black Lake emigrations combined with already abundant resident 
Chignik Lake sockeye, severe growth suppression and starvation occurred. Sporadic seasonal die- 
offs, which have been observed in both Black (Dave Owen, ADF&G, personal communication) 
and Chignik Lakes (Roos 1958), also undoubtedly contribute to R/S variability. 

Knowledge of the numbers, age-class structure, and physical condition of outmigrating sockeye 
smolt and over-wintering juveniles can provide data to improve current forecasting methods by 
addressing the variability of adult returns caused by variable freshwater nursery conditions. In 
the spring of 1994, the Chignik Regional Aquaculture Association commissioned the Alaska 
Department of Fish and Game (ADF&G) to conduct studies of juvenile sockeye salmon in the 
Chignik Lakes system. The specific study objectives were: 

1. To estimate the total number, timing and growth characteristics of outmigrant sockeye 
smolt by age class. 

2. To estimate sockeye fry abundance and condition in each lake. 



3. To archive the smolt scales for later scale pattern analysis use in determining stock 
composition of the 1994 outrnigration from future adult returns. 

In addition to the juvenile studies, the efficacy of the parasite Philomena oncorhynchi was 
investigated for use as a stock separation tool in assigning retuning sockeye adults to their 
respective lake of origin. 

METHODS 

Rotary-screw Traps and Site Description 

Two rotary-screw traps were operated side-by-side. Each trap was constructed of a stainless- 
steel, 2-mm-mesh revolving cone mounted between two aluminum pontoons (Figure 2). The 
cone entrance diameter was 1.5 m on the inshore trap (small trap), and 2.4 m on the offshore trap 
(large trap). Fish were funneled through the cone to a live box (small trap = 0.7 m3; large trap 
= 0.6 m3). The large trap livebox was fitted with a rotating perforated stainless-steel drum for 
debris removal. To discourage mammalian and avian predation, a wire mesh was secured over 
openings to the live box, and a fitted barrier (made of plastic fencing attached to a wooden 
rectangular frame) was inserted inside the live box of the large trap in front of the debris removal 
drum. 

The traps were operated in the Chignik River at a location that was 8.3 km upstream from 
Chignik Lagoon (1.7 km upstream from the Chignik weir) and 2.2 krn downstream from the 
outlet of Chignik Lake (Figure 3). This site, referred to' locally as "Hawk's Bluff", is a 
constricted section of river with a width of 73 m, average depth of 2.7 m, and with a relatively 
fast current (= 1.3 dsec) .  The large trap was installed on 5 May. On 8 May, the small trap was 
installed adjacent to and inshore of the large trap. Traps were fished continuously until 1 July, 
except for daily cleaning of each cone with a water pump and hose. Also, the small trap 
malfunctioned and was inoperative on 4 June, but was repaired and fishing the following day. 

Traps were tied together for stability. A 10-cm (4-in) x 10-cm (4-in) x 3.7-m (12-ft) plank was 
lashed across the top of the front of the pontoons, perpendicular to the current, and butted the 
shore. This served as a fulcrum to maintain and adjust trap position offshore. Each trap was 
secured to shore with rope tied to alder bushes, and with a safety anchor line tied to the 
nearshore trap. 

Traps were positioned as dose to shore as possible to allow trap cones to rotate in the current 
close to the bottom, as well as to minimize hazards to navigation. A 2.4-m lead constructed of 
aluminum weir panels supported by wc aden tripods was placed between the inshore pontoon of 
the small trap and shore to deflect fish towards the traps. As water level rose, the traps could 
be moved to within a meter of shore, thus eliminating the need for the lead. An offshore lead 
was not feasible due to fast current, excessive depth, and its potential hazard to navigation. 



Smolt Enumeration 

Captured sockeye salmon smolt were removed and enumerated from each trap daily. Traps were 
generally checked at least once between 0400 and 1200 hr, and again in the evening. Traps were 
checked more frequently as daily catches increased. All catch data were recorded by sampling 
day, which extended from noon to noon and was identified by the calendar day of the noon to 
midnight period. 

Species identification of salmonids were made by visual examination of external characteristics 
(McConnel and Snyder 1972). Only sockeye salmon were enumerated daily, with presence of 
other species. All juvenile sockeye salmon emigrating from the Chignik River do not go to sea, 
but may emigrate to the lower Chignik River in the summer and return to Chignik Lake in the 
fall (Roos 1957, 1959; Iverson 1966). Narver (1966) estimated that the minimum threshold 
length for smoltification of age-1 juveniles was 65-mm and 70 mm for Chignik and Black Lakes, 
respectively. Based on this information, criteria for attempting to distinguish between emigrating 
smolts and juveniles that would possibly return to Chignik Lake were established. Juvenile 
sockeye less than about 55 rnrn in length with silvery body coloration and eyes not appearing 
large compared to body (Thedinga et al. 1994) were considered smolts. Similar size fish with 
prominent parr marks and a large head compared to the body were assumed to be age-0 and age- 
1 juveniles that would not emigrate to sea. All juveniles greater than about 55 rnrn were 
considered to be outmigrating smolts, regardless of coloration or proportional body morphology. 

Age, Weight, and Length Sampling 

Seventy sockeye smolt were sampled daily five days a week, subject to smolt availability. Fish 
were anesthetized with MS-222, and measured for length (tip-of-snout to fork-of-tail, in rnrn) and 
weight (nearest 0.1 g with a digital OHAUS portable electronic balance). A scale smear was 
removed from the preferred area (INPFC 1963) and mounted on a standard microscope slide for 
ageing with a microfiche reader under 42X or 48X magnification (Figure 3). Ages were 
recorded in European notation (Koo 1962). After sampling, fish were revived in aerated water 
and released downstream from the traps. Condition factor (K) for each smolt sampled was 
determined using: 

where: 
W = weight in grams and L = length (tip-of-snout to fork-of-tail) in millimeters (Banett et al. 
1993). 

Estimation of Trap Efficiency 

Trap efficiency was estimated at least weekly through mark-recapture experiments using dye to 
mark smolt. Smolt used for trap efficiency trials were collected from the traps and transferred 



to instream covered live boxes. Smolt were retained for 10 hours to two days prior to release, 
depending on availability. If the target number of smolt collected for dyeing were not available 
after two days, those available were dyed and released. The following day, after checking for 
recaptures, the trap catch was held until evening, dyed and released. The number released over 
two release days was pooled to estimate the weekly trap efficiency. Initially, an attempt was 
made to mark and release at least 1,000 sockeye smolt weekly, subject to availability. Due to 
low initial estimated trap efficiency, the target weekly release population was increased to 2,000 
fish on 29 May. 

Smolt were dyed in the evening at approximately 2000 hours. Smolt were transferred from the 
live boxes into a continuously oxygenated or aerated solution of 1.9 g Bismark Brown dye to 57 
L water (Ward and Verhoeven 1963; Lawler and Fitz-Earle 1968) for 30 minutes at a rate of up 
to 1,000 smoltl76 L dye solution. After the dyeing process, smolt were returned to the liveboxes 
and held for about 2.5 hours for recovery. At approximately 2230 hours, dyed smolt were 
collected from the liveboxes, transported 1.3 krn upstream from the traps, and released across the 
stream channel (Figure 3). At each step of the dyeing process, dead or abnormally behaving 
smolt were counted and removed. 

Following the release of dyed fish, trap catches were examined for recaptures for a minimum of 
three days. Recaptured smolt were recorded separately from unmarked fish and excluded from 
daily catch totals. 

In deriving trap efficiency from the mark-recapture and trap catch data the formula used was: 

where di = number of marked fish recaptured over (k) successive nights after release, and Di = 
the number of marked fish released on day i (Barrett et al. 1993). 

Rawson (1984) reported statistical models for treating sockeye smolt mark-recapture data derived 
on a daily basis with population estimates generated by: 

with variance: 

var[mi] =ni(ni +dJ D ~ ( D ~  -d,)/d;. 

The overall annual smolt outmigration for a particular system was estimated by: 



with the overall variance estimated by: 

where: 

i) fii= Total population of smolt outmigrating on day i; 

ii) n i= Number of unmarked Jish captured by traps during day i; 

iii) fi= Total smolt population outmigrating during k days. 

The (1 -a)  confidence intervals for the smolt population estimates were derived assuming a normal 
distribution (Rawson 1984). Trap efficiency in the large trap on 5 and 6 May, prior to 
installation of the small trap, was estimated as the product of: 1) the mean percent contribution 
of the large trap catch to the combined catch of both traps from 7 May through the end of the 
first mark-recapture event on 12 May; and 2) the overall mean trap efficiency for that week. For 
4 June, when the small trap was inoperable, the trap efficiency was estimated as the product of: 
1) the mean percent contribution of the large trap catch to the combined catch of both traps on 

. 13 and 15 June; and 2) the overall mean trap efficiency for that week. 

A chi-square test was used to test homogeneity (a = 0.05) among weekly mark-recapture events. 
Student's t-test was used to test differences of mean length ( a  = 0.05) between years. 

Townet Survey 

Townet surveys were conducted to determine the condition and relative abundance of fall rearing 
sockeye fry in Black and Chignik Lakes during 22-23 August. The townet (1.8-m x 1.8-m) used 

2 for both lakes sampled a 3.2-m area of water. In Black Lake, the townet was pulled for about 
ten minutes at approximately 1 d s e c  (35 hp Johnson at full speed) on the surface behind a skiff 
(16 foot Lund). In Chignik Lake, the net was similarly towed with a 20-foot aluminum skiff at 
about 1.4 d s e c  (70 hp Yamaha). Each lake was sampled by area divisions defined in Ruggerone 
(1993) Figure 5). In Black Lake, five transects were sampled only from the deeper areas (A and 
B) of the lake due to low water. In Chignik Lake, five transects were sampled from areas A,B,C, 
and E. Length, weight, and age sampling procedures for townet-caught juveniles were similar 
to those used for smolt. 



Climate and Hydrology 

Trap revolutions per minute and daily climate observations, including air and stream temperature 
(C), stream height (cm), cloud cover (%), and wind velocity (mph) and direction were recorded 
at about 1930 daily (Appendix G). Water velocity (rn/s) was measured at the trap location at the 
surface and at a 0.5-m depth with a Marsh-McBirney Model 201 portable water flow meter on 
5 July. 

Parasite Sampling 

Adult sockeye salmon from the Black Lake spawning population and the Chignik Lagoon 
commercial catch were sampled for the occurrence of the parasite Philomena oncorynchi. In 
Black Lake, a total of 125 male, beach seine caught fish was sampled on 20, 22, and 23 June. 
From Chignik Lagoon, 100 fish from the commercial and test fish purse seine catches were 
sampled about every two weeks, without regard to sex, from 14 June through 3 August. Visual 
examination of the body cavity and organs was used to assess occurrence of the parasite. Fish 
negative for occurrence were double-checked by a second observer, when possible. 

Ten smolt were taken from the AWL sample daily, from July 11 to 30, and examined for parasite 
presence. A microscope was helpful for further magnification, but not needed for detection of 
encysted and early adult stages of the parasite. 

RESULTS 

Smolt traps operated on the Chignik River from 5 May through 1 July, 1994, captured 60,595 
outmigrating smolt. Of these, 16,232 were dyed and rereleased upstream of the traps, resulting 
in 78 recaptures. A chi-square test showed no significant difference (P > 0.90) among weekly 
mark-recapture events. Therefore, the pooled trap efficiency estimate of 0.48% (78 
recaptured/16,232 released, Appendix A) was used to estimate a total sockeye smolt outmigration 
of 12.75 million fish (Table 1). Overall, 80% of the smolt were caught in the large trap, and 
20% in the small trap (Appendix B). 

Peaks in migration occurred during the 17 - 30 May and 21 - 27 June periods (Figure 6, 
Appendix C). Age-1 smolt outrnigration peaked during the week of 24 May, steadily declined 
through 14 June, then increased slightly during the week of 21 June, and again declined the 
following week (Appendix D). Age-2 smolt showed similar trends, but with the initial peak of 
emigration about a week later than that of age- 1 smolts. Length-frequency distributions showed 
a trend of decreasing size for both age classes from May through July, with the separation in 
length-frequency modes between age classes becoming less distinct (Figure 7). 

Average length of age-1 and age-2 smolts was significantly less (t-test: P < 0.001 for both age 
classes) in 1994 than 1993 (Table 2, Appendix E). The magnitude of the difference may have 
been greater than indicated due to the sampling bias in 1994 of only sampling fish greater than 
cr equal to 55 rnrn. Other species captured included coastrange sculpin C o ~ l s  aleuticus, coho 



salmon 0. kisutch, Dolly Varden Salvelinus malma, ninespine stickleback Pungitius pungitius, 
pond smelt Hypomesus olidus, pygmy whitefish Prosopium coulteri, starry flounder Platichthys 
stellatus, and threespine stickleback Gasterosteus aculeatus. 

Townet surveys conducted on Black Lake resulted in a mean catch of sockeye juveniles of 2 
fish110 min (N = 5; geometric mean = 1.8 fish110 min) (Table 4). For Chignik Lake, the mean 
catch was 6.6 fish110 min (N = 5; geometric mean = 5.7 fish110 rnin). Mean length in Black 
Lake was 65.5 mm (standard deviation of 6.1; range 51-74 mm), modal length about 66 mm 
(Figure 8) and mean weight was 3.2 g (standard deviation of 0.81 g; range 1.4-4.6 g). For 
Chignik Lake, mean length was 5 1.8 mm (standard deviation of 15.2; range 30 to 73 mm), modal 
lengths about 39 rnm and 66 mm (Figure 8), and mean weight was 1.75 g (standard deviation 
= 1.38 g; range 0.2 to 4.2 g;). In Black Lake, all captured sockeye juveniles had readable scales 
for aging (Figure 9), and consisted of 30% age-0 and 70% age-1 fish. In Chignik Lake, only fish 
greater than 48 mm had readable scales (N=16); of these, 2 were age-0 (lengths of 49 and 62 
mm) and the remainder (with length greater than 61 mm) age-1. If those fish less than 49 mm 
(N=17) are assumed as age-0, then the catch composition would be 58% age-0 and 42% age-1. 

The parasite Philomena oncorhynchi showed a mean frequency of occurrence of 99% (range 96- 
100) and 97% (range 97-98), in the Black Lake escapement and Chignik Lagoon commercial 
catches, respectively (Table 5). However, smolt samples averaged 37% (range 11-90) frequency 
of parasite occurrence. 

DISCUSSION 

Although trap efficiency was less than 1%, the homogeneity of recapture rates over time and 
smolt size-shifts suggests uniform, unbiased sampling by the screw-traps over the course of the 
study. The low efficiency rate in this study was to be expected, as screw-trap efficiency 
estimates for Pacific salmon in other Pacific Northwest rivers (Terry Bendock, ADF&G, pers. 
comm.; Brandnt, Oregon Dept. of Fish and Wildlife, pers. cornrn.; Scott McPherson, ADF&G, 

, 

pers. comm.; Thedinga et al., 1994) show both a decrease in trap efficiency with increased stream 
width, and species specific trap efficiency within the same river (Appendix G). 

During 1993, estimation of rotary-screw trap efficiency in the Chignik River was not successful 
with one, 2.4-m trap fished alone at the Chignik Lake outlet (Ruggerone et al. 1993). Ruggerone 
et al. (1993) related low recapture rate (ca. 0.02%) to an inability to identify marked smolt, which 
lost their dye marking while remaining in the lake for more than 9 days before outrnigrating past 
the trap again. The use of two traps in a restricted section of river such that nearly all recaptures 
of dyed fish released from the inriver site could be expected within 3 days of release contributed 
to increased success in estimating smolt outrnigration in 1994. 

Assuming that the estimated 7.75-million age-1 sockeye smolt were produced primarily from the 
1992 Black Lake parent escapement of about 36 1,000 adult spawners results in a 2 1 age- 1 smolts 
per spawner rztio (Table 3). Likewise, assuming the estimated 5.0-million age-2 smolt were 
produced primarily from the Chignik Lake 1991 escapement of 383,000 results in an estimated 



13 age-2 smolts per spawner. Similar estimates for age-2 smolt of the 1990 brood year nor age-1 
smolts of the 1992 brood year could not be made. 

Previously collected smolt length-at-age data (1 957, 1958, and 1992) had greater mean lengths 
for both age classes than those in 1994 (Appendix H). During 1927-1932, modal length ranged 
from 60-65 mm for mostly age-1 smolts (Kelez in Koos 1959), which is similar to the 67-mm 
mean length of 1994 age- 1 smolts. The excessive escapement in 1991 may have created high fry 
density and depressed growth resulting in lower length-at-age of Black Lake smolt, assuming egg 
to fry survival was average. The mean length of age-1 smolts in 1993, however, did not indicate 
overcrowding or lowered condition factor values as would be expected with increased competition 
for food. The majority of these smolts were of Black Lake origin and reared in Chignik Lake 
in 1992, where favorable conditions created by an unusually high abundance of zooplankton may 
have overcome any overcrowding conditions (Ruggerone 1994). Therefore, relative zooplankton 
abundance may play more of a role in influencing smolt condition than smolt abundance. 

The destiny of the seaward migrating juveniles smaller than 55 mm length remains uncertain. 
Roos (1957, 1959) reported upstream migrations of juvenile sockeye salmon into Chignik Lake, 
with an estimated 500,000 visually observed passing the outlet of Chignik Lake on both sides of 
the river on June 19, 1959. These fish ranged from 50 to 80 mm, with a mode of 65 mm. 
Iverson (1966) observed upstream movement of juvenile sockeye in Chignik River during June 
1963, and June and July 1964. Juveniles sampled in 1964 (N=33), ranged from 52 to 77 mm, 
with a mean of 61 mm. Thus, the method of counting outmigrants 55 mm and greater should 
provide a more conservative estimate of those smolt actually outmigrating to sea, as opposed to 
counting all outmigrants caught and acknowledging that a larger unknown portion of these fish 
may not migrate to sea but later return to Chignik Lake as rearing juveniles. Quantitative study 
of the upstream migration of juveniles could provide information as to the proportion of 
outmigrating smolts that return upriver, and whether these fish remain another winter in 
freshwater or outmigrate again later the same year. 

A forecast can be made based on the estimated outmigration of sockeye smolt, using the 16.7% 
(standard error of 9.8%) smolt-to-adult survival ratio estimator developed by Koenings et al. 
(1993) for small smolts (length 55 mm to 84 mm) for middle latitude (56"N to 60°N) sockeye 
nursery lakes. Assuming a normal distribution, this results in a 1997 forecasted total return of 
about 2.1 million fish (95% confidence interval 1.7 to 2.5 million fish). Assuming the age-1 
component of the outmigrating smolt (61% of the total) will return to Black Lake, and the age-2 
portion (39%) to Chignik Lake results in a first run (Black Lake) sockeye forecast of 1.3 million 
fish and late run (Chignik Lake) forecast of 0.8 million fish. 

The geometric mean catch of sockeye juveniles (age-0 and age-1) in Black Lake indicates a 
substantial decrease of rearing juveniles. Geometric mean catch of age-0 sockeye salmon were 
347 fisMl0-min tow and 116 fishIlO-min tow in fall townet surveys conducted in Black Lake in 
1992 and 1993 (Ruggerone et al. 1993 and 1994). The decline may have been caused by a die- 
off of Black Lake sockeye juveniles associated with an intense algal bloom on the lake reported 
to the ADF&G in mid-August prior to the surveys (David Owens, ADF&G, personal 
communication). In addition, only one skiff was used to pull the townet in 1994. In 1992 and 
1993, two boats were used, which may have caused increased catches due to a herding effect 
(Narver 1966). Chignik Lake catches were also lower in 1994 than in both 1992 (74 fish/lO-min 



tow) and 1993 (50 fisWl0-min tow; Ruggerone et al. 1993 and 1994), indicating that mass 
emigration of smolt from Black Lake to Chignik Lake is unlikely. Monitoring of smolt 
outmigration in 1995 should indicate whether the low townet catches were a result of a herding 
effect, low sample size, or low egg-to-juvenile survival. 

The parasite investigation showed that P. oncorhynchi was ubiquitous and therefore not useful 
as an inseason stock separation tool for returning adults. The discrepancy between occurrence 
rates in adults and juveniles may have been because the parasite was in the egg stage in most 
juveniles, and therefore not observed. 
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Table I. Population estimate> and age composition of sockeye salmon smolt captured in rotary- 
screw traps fished in the Chignik River, 1994. 

Number and Relative Percent 
of Smolt by A s e  Class Total 95% CL 

No. 
Year 1. 2. Smolt Low High 

" In 1993, only two marked smolts were recaptured out of a total of 10,617 marked releases. The 
two smolts were caught during a weekly mark-recapture experiment in which 1,000 dyed smolts 
were released (Ruggerone, 1994). This single recapture event (trap efficiency = 2/1000 or 
0.02%) was used to compute the 1993 population estimate resulting in the correspondingly large 
confidence interval. The reliability of this estimate is therefore questionable, and likely an 
overestimate (Ruggerone 1994). 



Table 2. Sockeye salmon escapement and estimated number of smolt produced by broodyear 
from Chignik and Black lakes, 1990-1992. 

Estimated 
Brood Escapement 

Year by Lake System 

Smolt Produced by Age Class Total No. 
(Both Lakes Combined). Smolts 

1 2 

1990 Black : 434,543 
Chignik : 335,867 

1991 Black : 657,511 25,397, 684b 5,016,654 30,414,338 
Chignik : 382,587 

1992 Black : 360,681 7,736,438 
Chignik : 405,922 

" Population estimates not available. 
In 1993, only two marked smolts were recaptured out of a total of 10,617 marked releases. The 
two smolts were caught during a weekly mark-recapture experiment in which 1,000 dyed smolts 
were released. (Ruggerone 1994). This single recapture event (trap efficiency = 211000 or 
0.02%) was used to compute the 1993 population estimate resulting in the correspondingly large 
confidence interval. The reliability of this estimate is therefore questionable, and likely an 
overestimate (Ruggerone 1994). 

" Smolt of this age class have not outrnigrated. 



Table 3. Summary of mean length, weight, and condition factor by age class of smolt sampled 
from the Chignik River, 1994. 

Srnol t Aqe - 1 
year Lake Length Weight Condition 

N (mrn) ( 9 )  

Aqe-2 
Lenath Weiant Condition 

1993  B l a c k  a a 

Chignik a 82.0 

" Data not available. 



Table 4. Townet catches from Black Lake (8122194) and Chignik Lake 
(8/23194). 

Number Cauqht 

Lake Tow # Area Sockeye Stickleback Pond Smelt Coho 

Black 1 A 1 8 
2 A 1 14 
3 A/B 3 8 
4 B/A 2 14 
5 A 3 8 

Total : 
Mean : 
Geometric Mean: 

Chignik 1 A 
2 B 
3 C 
4 C/E 
5 E 

Total : 
Mean : 
Geometric Mean: 



Table 5. Frequency of occurrence of the parasitic nematode Philomenu onchorynchi in adult 
sockeye salmon from Black Lake escapement, Chignik Lagoon commercial catch, and 
sockeye salmon smolt catches from rotary-screw traps in the Chignik River, 1994. 

Date Locat ion N Frequency ( % )  

Black Lake 
Black Lake 
Black Lake 

Chignik Lagoon 
Chignik Lagoon 
Chignik Lagoon 
Chignik Lagoon 

Chignik River 
Chignik River 
Chignik River 
Chignik River 
Chignik River 
Chignik River 
Chignik River 
Chignik River 
Chignik River 
Chignik River 
Chignik River 
Chignik River 
Chignik River 

Adult escapement 33 
Adult escapement 28 
Adult escapement 59 

Total 12 0 9 9 

Adult commercial 100 
Adult commercial 95 
Adult commercial 100 
Adult commercial 100 

Total 3 9 5 9 7 

Srno 1 t 
Srno 1 t 
Smolt 
Srno 1 t 
Srno 1 t 
Srno 1 t 
Srno 1 t 
Srno 1 t 
Srno 1 t 
Srno 1 t 
Srno 1 t 
Smolt 
Smol t 

Total 12 6 3 7 



Figure 1. Hap of the Chlgnik  rive^ waterehed with inaet of ueatsrn Alaska. 



Figure 2. Rotary-screw trap with 2.4-m diameter cone. Photo from Thedinga et al. 1994. 



ADFCG Weir 

Figure 3. Location of rotary-screw trap location (denoted by "x"), and release site of dyed fish on the Cllignik River Alaska. 



Age 1 
Lenqth : 
Weight: 
15-Hay, 

Age 2 
Length: 82 nun 
Weight: 4.2 g 
12-May, 1994 

Age 1 
Length: 7 3  nun 
Weight: 2.7  g 
11-Gune, 1994 

Aqe 2 
Length: 71mm 
Weight: 2.5 g 
lldune, 1994 

Figure- 4. Examples of age-1.0 and lge-2.0 sockeye salmon smolt scales (54X), Chignik 
River, 1994. 

21 



Figure 5. Townet sample areas (Ruggerone et al. 1993) of Black Lake (top; A-D) and 
Chignik Lake (A-F). 



Figure 6. Estimated number of sockeye salmon smolt outmigrating from the Chignik River by week, May 3 to 
July 1, 1994. 



Frequency (Y 
12 
11 Age1 Age2 May 5 - 20 

Figure 7. Length-frequency distribution (%) of age-1 and age-2 sockeye smolt (length of 55 

12 

rnm and greater) captured with rotary-screw traps in the Chignik River, May 5 - 
July 1, 1994. 

11- 

10. 

May 22 - June 11 



Number of fish 
- 

I Chgnik Lake 

Length (mm) 

Figure 8. Length-frequency distributions of sockeye salmon fry captured in townet 
hauls in Black and Chignik Lakes, August 22-23, 1994. 



Len-5: 68 mm 
Weight: 3.5 g 
22-Sept, .I994 

Black Lake 
Aqe 1 
Lsn@k: 74 arn 
Weight: 4.6 g 
22-Sept, 1994 

CXsnifc Lake 
A g e  0 
Len-: 49 mn 
Weiqht: 0.8 g 
23-Sept., 1994 

C.SipLk Lake 
Age L 
Lecqzt?: 64 mm 
Xeight:. 2.7 g 
23 Gept . ,  1994 

Figure 9. Examples of age-0.0 and age-1.0 sockeye salmon juvenile scales (54X), captured 
with townets in Black and Chignik Lakes, 1994. 



APPENDIX 



Appendix A. Number of sockeye salmon smolt caught daily with from two rotary-screw trapsa operated on the Chignik River, 
1994. 

Combined Trap 
Catch Trap Efficiency Test 

Est. Marked 
Marked Examined Marked Recoveries For Recovery 

Dateb Dailyc Cum. (Dyed) For Marks Recoveries Dye Test periodd RateY 
Comments 

19-~a; 
20-May 
21-May 
22-May 
23-May 
24-May 
25-May 
26-May 
27-May 
28-May 
29-May 
30-May 
31-May 
01-Jun 
02-Jun 

03-Jun 
04-Jun 
05-Jun 
06- Jun 

Lrg. trap begins fishing @ 1630 hrs 

Sm. trap begins fishing @ 1730 hrs 

0230 and 0915 hrs; put lead on traps 
0.46% 

Both recaps morts 

Mink sign again at trap 

Moved trap inshore today 
0.65% 

3 recaps dead or dying 
All recaps in sm. trap; 3 dead/dying 
Recap in sm. trap and dead 
RPM only 3.5 due to lot ft tide 
Larger B of coho in small trap than big 
High tide/trap < 3 rpm @ 0530 

More mink sign at trap; high NW winds 
0.42% 

35 mph NW winds and overcast skies 
may have triggered 'run' 

SE wind probably reduced counts 



Appendix A. (Page 2 of 2). 

Combined Trap 
Catch Trap Efficiency Test 

Marked Examined Marked Recoveries For Recovery 
Dateb DailyC Cum. (Dyed) For Marks Recoveries Dye Test Periodd Rate%' 

Comment s 

Wind change to NW; slightly moved traps inshore 
200 morts due to debris in trap 

50% of smolts in each trap 
Sm. trap not working 
Sm. trap resumes at 1500 hrs; moved traps 
inshore; tripods and lead washed-out and not 
replaced due to high water 

0.32% 
Recaps faded-likely 6/20 release 
Numerous > 5'  coho smolt 
!loved traps 5 ft offshore 

0.43% 
Moved traps upstream 50' 

Water level dropping; some smolt w/white sheen 
Wind changed to NW in am of 7/1 

-- 

Total 60,595 16,323 41,972 7 8 7 8 0.48% 

" Traps fished had cone diameters of 1.5 m (small trap) and 2.4 m (large trap). 
Each date listed covers a 24-hr period extending from noon to noon and identifies the date of the first noon of the 24-hour 
period. 

" Number of fish caught does not include mark recoveries from trap efficiency tests. 
"epresents the estimated sum of marked recoveries for the particular dye test period. 
" Determined from the cumulative number of marked and recovered fish by test period. 



Appendix B. Daily number of sockeye salmon smolt caught by trap in the Chignik River, 1994. The small trap had a 1.5-m cone, 
and the large trap a 2.4-m cone. 

Small Trap % Large Trap % 
Small Trap Larqe Trap Combined of Combined of Combined 

Date Daily Cumulative Daily Cumulative Daily Cumulative Daily Catch Daily Catch 



Appendix B. (Page 2 of 2). 

Date 

Small Trap % Large Trap % 
Small Trap Larqe Trap Combined of Combined of Combined 

Daily Cumulative Daily Cumulative Daily Cumulative Daily Catch Dailv Catch 

- 

Total 11,905 11,905 48,690 48,690 60,595 60,595 20% 80% 



Appendix C. Daily population estimates of sockeye salmon smolt outmigrating 
from the Chignik River, 1994. 

Date 
Population 95% CI 
Estimate Lower Upper 

0 5 -May 
0 6 -May 
07 -May 
0 8 -May 
0 9 -May 
10 -May 
11 -May 
12 -May 
13 -May 
14-May 
15 -May 
16 -May 
17 -May 
18 -May 
19 -May 
2 0 -May 
2 1 -May 
2 2 -May 
2 3 -May 
2 4 -May 
2 5 -May 
2 6 -May 
27 -May 
2 8 -May 
2 9 -May 
3 0 -May 
3 1 -May 
01-Jun 
02-Jun 
03-Jun 
04-Jun 
05-Jun 
06-Jun 
07-Jun 
0 8 - Jun 
09-Jun 
10-Jun 
11-Jun 
12- Jun 
13-Jun 
14-Jun 
15-Jun 
16-Jun 
17 -Jun 
18-Jun 
19-Jun 
20-Jun 
21-Jun 
22-Jun 
23 -Jun 



Appendix C. (Page 2 of 2). 

Date 
Population 
Estimate 

95% C I  
Lower Upper 

" The large trap was installed on 5 May, and the small trap on 7 May. Trap 
efficiency and resulting population estimates for 5 and 6 May were based on 
the mean percent contribution of the large trap to the combined catch of both 
traps from 7 May to 12 May. 
The small trap was inoperative on 14 June. Trap efficiency and resulting 
population estimate for this day was derived from the mean percent 
contribution of the large trap to the combined catch of both traps on June 13 
and June 15. 



Appendix D. Estimated number of Chignik River sockeye salmon smolt outmigrating by age 
class, 1994. 

Week Population 
Beginning Estimate 

Aqe Class 
1 2 

Total 1 2 , 7 5 3 , 0 9 3  7 , 7 3 6 , 4 3 8  5 , 0 1 6 , 6 5 4  



Appendix E. Mean length, weight, and condition factor, and population by age and date of sockeye salmon smolt captured in the Chignik 
River, 1994. 

Lenqth Weight Condition Population 

Week Sample Standard Sample Standard Sample Standard Population Mean Mean Mean 
Age beginning Size Mean Error Size Mean Error Size Mean Error Size Length Weight Condition 

Totals 

0 5 / 0 3  
05 /10  
05 /17  
05 /24  
0 5 / 3 1  
06 /07  
0 6 / 1 4  
0 6 / 2 1  
0 6 / 2 8  

Totals 1 , 0 9 6  7 7 . 4  0 . 2 2  1 , 0 7 6  3 .6  0 . 0 4  1 , 0 7 6  7 7 . 4  3 . 6  0 .75  0 . 7 5  0 . 0 0 3  5 , 0 1 6 , 6 5 4  



Appendix F. Daily climatilogical observations, water temperature, water depth, and trap cone revolutions per minute (RPM) at 
Chignik River, 1994. 

Cloud St ream Trap RPM 
Air Water Cover Wind Guage 

Date Time (C (c) % Dir Vel. (Mph) (cm) Sma 1 1 Large Comments 

05-May 0930 4.00 
0 6 -May 083 0 4.00 
07 -May 
08-May 17 15 6.0 0 3.20 4.10 
0 9 -May 0900 3.10 4.00 
10 -May 1900 5.0 4.0 8 0 NW 10-15 0 3.10 4.25 
11 -May 1900 - 3.5 100 NW 10 0 4.00 3.75 Snow/rain 
12 -May 2000 10.5 4.0 100 - 0 1 3.80 3.80 Temps taken at weir 
13 -May 1900 6.0 5.0 100 NW 5-10 4 4.75 5.00 
14 -May 1900 9.0 5.0 100 SE 5 5 - - 
15 -May 1900 7.0 4.5 9 0 SE 15 6 5.75 4.67 Temps taken at weir 
16 -May 1900 6.0 5.0 7 5 S E 5-10 8 5.25 5.60 
17 -May 1925 4.0 4.0 100 S E 15 10 6.00 5.50 Steady rain 
18 -May 19 0 0 8.5 6.5 100 NW 15 13 5.00 6.25 
19-May 2030 5.0 4.0 10 0 SE 10-15 15 5.75 6.25 Rain 
2 0 -May 1900 7.0 4.5 7 0 S E 15-20 17 5.75 6.25 Windy 
21-May 2 0 0 0 6.0 5.0 10 0 S E 15-20 18 6.25 5.50 
22 -May 1930 7.0 4.5 10 0 - 0 2 0 6.25 6.00 
2 3 -May 1930 - 5.0 100 SE 5 2 5 - - 
24-May 1930 6.0 5.5 6 0 NW 5-10 3 0 6.85 7.00 
2 5 -May 1930 6.0 5.5 55 NW 10 3 0 6.25 7.25 
2 6 -May 1930 6.0 6.0 100 SE 15-20 3 0 7.00 6.00 Small fish rising 
2 7 -May 1930 6.0 6.0 100 SE 10 3 2 6.67 7.00 
28-May 1900 6.5 6.0 100 NW 15 3 2 - - 
2 9 -May 1815 4.5 6.0 100 NW 25-40 3 3 6.75 7.33 Windy 
3 0 -May 2100 6.0 6.0 10 NW 5 3 3 7.75 7.75 
3 1-May 2130 6.0 6.0 6 0 NW 15 3 2 5.00 5.00 
0 1- Jun 2130 5.5 6.5 3 0 NW 10 2 9 7.25 7.15 
02-Jun 2100 8.0 6.0 1 NW 15 2 5 - - 
03-Jun 2100 10.0 7.0 2 5 NW 10 2 4 - - 
04-Jun 2230 7.5 7.0 5 SE 15-20 2 4 6.00 6.00 

-Continued- 
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Cloud Stream Trap RPM 
Air Water Cover Wind Guage 

Date Time ( c (C % Dir Vel. (Mph) (cm) Small Large Comments 

- 
- 

7 . 2 5  
8 . 2 5  
8 .00  
7 . 7 5  

- 
7 .90  
8 .00  

- Small trap disabled 
9 . 7 5  

- 
- 
- 
- 
- 
- 

1 1 . 0 0  
1 0 . 2 5  
1 0 . 0 0  

9 . 0  0  Moved traps 
7 . 0 0  
8 . 2 5  

- 
6 .50  

- 
- 



Appendix G. Screw-trap efficiency estimates for various species and rivers. 

R i v e r  Mean 
W i d t h  D e p t h  D i a m e t e r  L e n g t h  

Name ( m )  ( m )  ( r n )  S c r e w - t r a p  s p e c i e s  (mm) 
E f f i c i e n c y  

( %  S o u r c e  

C h i g n i k  R i v e r ,  AK 7 3 . 0  2 . 7  2 . 4 ,  1 . 5  S o c k e y e  7 1 

Deep  C r e e k ,  AK 1 4 . 6  3 . 0  2 . 4  C h i n o o k  8 8 
Coho > 8 8  
D o l l y  V a r d e n  > 8 8  

G r a n d e  Ronde,  OR 4 0 . 0  5 . 3  2 . 4  C h i n o o k  122"  

s i t u k  R i v e r .  AK 2 5 . 0  0 . 8  2 . 4  c h i n o o k  61-89 
Coho 8 6 - 1 1 1  
S o c k e y e  63-74 
S t e e l h e a d  120-180  

S i t u k  R i v e r ,  AK 2 2 . 9  0 . 8  2 . 4  Coho 1 0 0  

Taku R i v e r ,  AK 9 1 . 4  4 . 6  3 . 7  c o h o  1 0 5  

T e r r y  Bendock ,  ADFG, p e r s .  comm. 

B r a d n t  G u t e r r n u t h ,  ODFW, p e r s .  comm. 

T h e d i n g a  e t  a l . ,  1 9 9 4 .  

S c o t t  McPherson ,  ADFG, p e r s .  comrn. 

S c o t t  M c P h e r s o n ,  ADFG, p e r s .  comrn. 

a Represents average length of chinook smolt marked releases only. 



Appendix H. Summary of mean length at age and percent age composition of outmigrating 
sockeye salmon smolt captured in the Chignik River, 1957, '58, '93 and '94. 
Numbers in parentheses represent parent year escapements into Black Lake (age-1) 
and Chignik Lake (age-2). 

Year of 
Seaward Lenqth (mm) 
Migration A g e - 1  A g e - 2  



 

 

The Alaska Department of Fish and Game administers all programs and activities free from discrimination 
based on race, color, national origin, age, sex, religion, marital status, pregnancy, parenthood, or disability. 
The department administers all programs and activities in compliance with Title VI of the Civil Rights Act 
of 1964, Section 504 of the Rehabilitation Act of 1973, Title II of the Americans with Disabilities Act of 
1990, the Age Discrimination Act of 1975, and Title IX of the Education Amendments of 1972. 
  
If you believe you have been discriminated against in any program, activity, or facility, or if you desire 
further information please write to ADF&G, P.O. Box 25526, Juneau, AK 99802-5526; U.S. Fish and 
Wildlife Service, 4040 N. Fairfax Drive, Suite 300 Webb, Arlington, VA 22203 or O.E.O., U.S. 
Department of the Interior, Washington DC 20240. 
 
For information on alternative formats for this and other department publications, please contact the 
department ADA Coordinator at (voice) 907-465-6077, (TDD) 907-465-3646, or (FAX) 907-465-6078. 
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